Introduction

1
This work was based on data obtained in previous studies from DICOM files, whose dural sac 2 results, MR setting details and basic 3D reconstruction have been partly published (Prats-Galino 3 et al., 2012a). The research line was approved by "Grupo Hospital Madrid Clinical Research 4 ethics Committee" and consent was obtained from patients who were being treated at the Pain 5
Unit Service, having symptoms of low back pain, with absence of morphological changes in 6 their MR neuroradiological reports. One of the models obtained has been studied here in more 7
detail. 8
The methodology of this study can be divided into 3 main steps ( Figure 1 ): a) data acquisition, 9 b) image processing (segmentation and surface reconstruction) and c) 3D PDF document 10
creation. 11
Lumbar MRI scans were performed on a 1.5 T Scanner Philips Intera®, Software 1.1 (Philips 12
Medical System, The Netherlands) using a 3D fast spin echo (3D FSE), acquiring T1 and T2 13 weighted sequences. The sequence obtained by T1 Fast Field echo allowed detailed 3D 14 reconstruction of ligaments, bones, dural sac and sleeves while T2 weighted sequence was used 15 for volume determinations of CSF, spinal cord and cauda equina structures. 16 MR images were exported from the hospital equipment to the neuroanatomic laboratory in 17 DICOM format, which preserves spatial coordinates. Data processing was performed by the 18 software AMIRA® v5.2 (Mercury Co, Boston, USA), installed on a graphic station (Dell 19 Precision 690). This software is designed for visualization and analysis of biomedical images, 20 allowing volumetric reconstruction. 21
The image processing steps are the summarized in Figure 2 : (final resolution about 0.01cm2 per triangle) and a whole structure smoothing is applied 10 (a), resulting in a simplified 3D surface appearance (b). 11
Once the 3D reconstruction has been finalized, 3D models and MRI slices (13 mm intervals 12 for axial and coronal slices and 6,5 mm for sagittal slices) were exported to Virtual Reality by Acrobat XI Pro, that was used to define the 3D PDF interface. 18
Results 1
The PDF file with the 3D model and an instructions file ( Figure 3 ) are available at the 2
University of Barcelona public repository 3
(http://diposit.ub.edu/dspace/handle/2445/44844?locale=en). These files were translated to 4 seven foreign languages in order to facilitate their international diffusion and can be accessed 5 from the same repository. The files are distributed under an international Creative Commons 6
Attribution-Noncommercial-Share Alike license, which requires attribution to the authors, that 7 allows derivate works without commercial use, provided that is shared like the present license. 8 Source code and model geometry are not public and cannot be accessed or modified. 9
The resulting 3D PDF file and the corresponding instructions file must be downloaded 10 and saved in the same folder. When clicking on the 'help' button in the 3D PDF ( Figure 3 .15), 11 the instructions file contents will be opened off-line in the computer's internet browser. The 12 instructions file may also be opened separately by a PDF reader. 13
The model allows interactive visualization of the 3D reconstructed structures, such as 14 vertebrae, intervertebral disks, ligaments (flavum, supraspinous and interspinous), epidural and 15 foraminal fat, dural sac and sleeves, sensory and motor cauda equina roots, and needles 16 simulating common anesthetic approaches (epidural medial, spinal paramedical and radicular 17 approach paths). Furthermore, it includes axial, sagittal and coronal MR planes. 18
The appearance of the PDF 3D interface (Figure 3 ) is shown at the beginning of the 19 instructions file. Clicking on blue labels 1-15 within the instructions file leads to the 20 explanations of different button functions (Fig 3.1-15 ). 21
The model rotates 360º with the left mouse button. Zoom is adjustable by the right 22 mouse button and a scroll wheel. Pre-defined axial, sagittal and coronal views are offered as 23 reference. Partial transparency effects (Fig 3.5; Fig 4a) and selective visualization of each 24 structure are possible (Fig 3.3-4; Fig 4b, c, d ), including anesthetic paths (Fig 5) , as well as 25
clipping of the entire model in the three axis (Fig 3.10-12; Fig 6) . Different axial, sagittal, andcoronal MR planes may be visualized either independently or in combination (Fig 3.8-9; Fig 7) . 1 Predefined scenes are provided, and can be displayed sequentially to facilitate an educational 2 presentation, showing progressive appearance of the spine, ligaments, epidural fat, dural sac and 3 sleeves and sensory and motor cauda equina nerve roots ( Fig3.13; Fig 8) . The advantages of the presented software, regarding the anatomical commercial 24 software mentioned above, are the free availability and the anatomical detail based on human 25 MR images, focused in lumbar anesthetic approaches. 3D model was embedded in a standardPDF file format that can be opened by freely available programs (Acrobat Reader XI or 1 posterior). The PDF format of the document simplifies its use, portability, compatibility and 2 storage as the file size can be compressed. For the moment, 3D PDF documents are not 3 supported in mobile devices (tablets and smartphones). 4
The document is intuitive and doesn't require any special informatics knowledge of the 5 user who may be familiarized with the interface in a few minutes. Instructions may be easily 6 visualized through the 'help' button. Furthermore, it contains predetermined 3D views, with 7 partial visibility of the structures for a sequential educational presentation: general view of the 8 spine and anatomy of vertebrae, different paths of the anesthetic approaches for epidural blocks, 9
progressive appearance of ligaments, epidural fat, dural sac and sleeves and cauda equina 10 sensory and motor nerve roots. The human MR images from which the 3D model was 11 reconstructed are also visible in three planes. 12 Altogether, this model may be of special interest for anesthesiologists and 13 anesthesiology teaching and it can be used free of charge by every physician. 14
Conclusion 1
An intuitive 3D PDF interactive anatomical model allows the visualization from any 2 perspective of lumbar structures of interest in neuraxial anesthesia, including MR planes, 3 facilitating anatomical and anesthetic research, teaching programs and patient communication, 4 without the need for deep previous informatics knowledge. 5
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